Terrestrial frogs and toads produce conspicuous vocalizations that may be accompanied by substrate-borne vibrations [1] . Unlike airborne sound, these substrate-borne components are relatively understudied in animal communication. Some anurans exploit the forest fl oor as a relatively noiseless communication channel in which to propagate call-derived vibrations [2] . Insects on vegetation often use leaves and stems as substrates through which they transmit and receive seismic signals [3] . Here we report that golden rocket frogs calling from their natural substrate generate plant-borne vibrations, and we show that these vibrations can change the frog's behavior. This suggests that plant-borne vibrations can play a role in both modifying the call structure of a vertebrate and directing its movements on the substrate.
Seismic communication is the exchange of information between an emitter and a receiver using vibrational signals transmitted via a substrate such as the soil, a plant stem or a blade of grass. The receiver may use the information in the signal to reach a decision about its response, which can ultimately affect the fi tness of both the sender and the receiver [4] .
Golden rocket frogs (Anomaloglossus beebei, Dendrobatidae) are native to Kaieteur National Park in Guyana [5] . These diurnal animals breed in waterfi lled axils of giant tank bromeliads. Males defend territories based around these plants and vocalize from the upper surfaces of the rosette-like leaves ( Figure  1A ) with conspicuous advertisement calls. These calls typically consist of a short series of 3 (interquartile range: 2-4) rapidly repeated pulses, each of which consists of a harmonic stack with peak energy at ca. 5 kHz ([6]; Figure 1B ,C).
Advertisement calls attract females and repel rival males, and territorial males respond aggressively to calls of other males near or in their territories [5] .
We hypothesized that in addition to the airborne component, the male's advertisement call would also consist of a signifi cant plant-borne vibrational component that might itself play a role in communication. To test this, we measured movements and callpattern changes of four males in their natural habitat in response to substrate vibrations from an artifi cial call introduced directly into the bromeliad leaf on which an active male was located (see Supplemental Information).
Vibration velocities of the bromeliad leaf at or close to the position of the focal male were measured in real-time using a single-point, laser Doppler vibrometer. Vibrational stimuli were delivered into the bromeliad leaf using a minishaker. The stimulus mimicked the plant-borne vibrational component of the frog vocalizations, and consisted of a series of artifi cial calls repeated every 2.5 s. Each call lasted 212 ms and consisted of three 36-ms pure-tone (5.2 kHz) pulses ( Figure  1B ). The peak stimulus velocity amplitude at the injection site was 0.2 mm/s and all laser recordings detected the presence of this vibrational stimulus in the leaf. The maximum distance between the laser and the shaker was 50 cm, and the distance between the shaker and the frog never exceeded 17 cm, suggesting that the vibrational stimulus also reached the frogs.
Simultaneous with the laser acquisition, a digital video recorder captured all movements and vocalizations of the focal male. Temperature and relative humidity for all measurements ranged from 23.6-26.8°C and 84-99%, respectively.
Spectrograms of the laser vibrometer signals unequivocally show that the frog advertisement call generates a substrateborne vibrational component ( Figure 1B) . For each call spectrogram, we extracted the number of pulses, the time of the fi rst pulse and, when applicable, the timing of the fi rst pulse in each of the injected stimulus calls.
Our data provide several lines of evidence that the frogs detect and respond to the vibrational component of the advertisement calls. First, frogs were relatively sedentary in the absence of the stimulus. However, during the stimulus presentations, frogs moved more and Correspondence those movements were almost always in the direction of the stimulus-injection site (frog icons, Figure 1C ). Second, frogs produced more fi ve-pulse calls during the stimulus compared to the pre-or post-stimulus periods. Finally, the frogs changed the timing of their calls relative to that of the stimulus ( Figure 1D ). This is quantifi ed by vector strength -a measure of peakedness of a distribution, which can vary from 0 (uniform distribution) to 1 (all observations in one bin) and which was only signifi cant in the presence of a stimulus. Moreover, animals changed their call timing, actively avoiding calling during and immediately following the stimulus (see Supplemental  Information) .
Although there are multiple reports of the use of vibrational communication by invertebrates through living plants [4, 7] , there are relatively few such studies in anurans or other vertebrates (but see [8, 9] ). Here we have demonstrated that vibrational signals traveling through a bromeliad leaf, absent of concomitant airborne signals, can modulate calling behaviour in frogs. That is, golden rocket frogs inject vibrational signals into, and detect vibrational signals from, the substrate on which they reside. Our results suggest that these frogs utilize both acoustic and seismic signals in their communication, and our study adds to the small but burgeoning number of reports of vertebrate seismic communication on above-ground structures, by animals including rodents, chameleons, and New-world tree frogs [10] . 
